Objectives: This study examined trends in geographical disparities in cardiovascular-disease (CVD) mortality in the United States between 1969 and 2011.
Introduction
Reduction of health inequalities, including those between social groups and geographical areas, has been a major health policy goal in the United States (US) for the past 4 decades. [1] [2] [3] [4] [5] Cardiovascular diseases (CVD), including heart disease and stroke, have been the number one cause of death in the United States for the past eight decades, and contribute greatly to overall health inequalities for the nation. [6, 7] While CVD mortality rates are widely reported by age, sex, and race/ethnicity, geographical disparities in CVD mortality are mostly limited to reporting differences by rural-urban or state of residence. [7] [8] [9] Analyses of geographical disparities in CVD mortality over time, especially by region or county of residence, and their socioeconomic and behavioral determinants are less common, although a few recent US studies have examined countylevel variations in CVD mortality as a function of area-based deprivation or socioeconomic characteristics. [5, [10] [11] [12] [13] [14] Although US data have identified higher rates of CVD morbidity and mortality in several Southern states and the Southeastern region, research on whether the magnitude and patterns of geographical disparities in CVD mortality rates at various levels of geography (such as region, state, and county) have changed over time is either limited or lacking. [5, [12] [13] [14] [15] While national-level analyses are important in understanding overall social-group disparities in CVD, it is crucial to know from a policy standpoint as to how specific regions, states, or geographical areas are performing in reducing their CVD mortality rates and associated risk factors relative to each other or nation as a whole. [16] In the US, states and local communities such as counties are generally responsible for development and implementation of public policies to tackle public health problems, for collecting social, environmental, and health data, and for providing a broad range of social and health services to their residents. [5] Documenting disparities between geographical areas with the lowest and highest CVD rates can tell us the extent to which mortality reductions can be achieved. [16] Moreover, a spatial-temporal analysis should help identify geographical areas or regions which not only have high rates of CVD mortality but have also experienced slower mortality reductions, indicating the need for urgent action for CVD prevention and control. [5, 13, 14] The aim of our study is to examine changes in the extent of geographical disparities in CVD mortality among 9 census regions, 50 states and the District of Columbia, and 3,141 counties of the United States between 1969 and 2011. Using smallarea national vital statistics mortality and census data, we model variations in county-level CVD mortality rates as a function of area deprivation, urbanization, racial/ethnic composition, smoking, obesity, physical inactivity, diabetes, and health care access. Additionally, we use the National Longitudinal Mortality Study (NLMS) to model regional and statelevel disparities in CVD mortality risks after adjusting for individual-level socioeconomic and demographic characteristics.
Methods

Use of National Vital Statistics and Census Databases to Analyze Trends in Regional, State and County-level Disparities
To analyze geographical disparities in CVD mortality over time, we used the national vital statistics mortality database, which has been the cornerstone of health and disease monitoring among sociodemograhic groups and geographical areas in the US for over a century. [3] [4] [5] [6] [7] [8] [9] 17] The national mortality database is based on information from death certificates of every death occurring in the United States each year. [8, 17, 18] While the national mortality database provides the number of deaths (numerator data) by year, age, sex, race, geographic area, and cause of death, the corresponding population statistics developed by the US Census Bureau serve as the denominator for computing mortality rates. [6] [7] [8] [9] 17, 18] The mainland United States consists of 50 states and the District of Columbia, which are grouped into 9 census regions as shown in Figure 1 . States are divided into counties, and the number of counties varies by state. In all, there are 3,143 counties in the United States. In our study, CVD mortality rates were computed annually for all 9 regions between 1969 and 2011. For smaller geographical areas such as states and counties, mortality trends are presented for three time periods due to data availability and space constraints. State-specific CVD mortality rates were computed for 1969, 1990, and 2011. CVD mortality rates were computed for 3,141 counties for the time periods: 1969-1974, 1990-1999, and 2003-2007 . Mortality rates for all geographic areas were age-adjusted by the direct method using the age-composition of the 2000 US population as the standard. [4] [5] [6] [7] [8] [9] Log-linear regression models were used to estimate annual rates of decrease in CVD mortality for each census region. [4, 5] Specifically, the logarithm of region-specific mortality rates were modeled as a linear function of time (calendar year), which yielded annual exponential rates of change in mortality rates. [4, 5] In order to summarize state-and countylevel disparities in mortality, we used various disparity measures such as the coefficient of variation (CV), interquartile range, quintile and percentile ratios, and absolute and relative mean deviation indices. [16] Moreover, disparities in mortality were described by rate ratios (relative risks) and rate differences (absolute inequalities), which were tested for statistical significance at the 0.05 level.
We used weighted least squares regression to model county-level variations in age-adjusted CVD mortality rates as a function of area deprivation, urbanization, racial/ethnic composition, smoking, obesity, physical inactivity, diabetes, and health uninsurance rates, and availability of primary care physicians. The data on county-level covariates were obtained from several sources such as the Census, Behavioral Risk Factor Surveillance System, and Area Resource File. [19] [20] [21] [22] For area deprivation, we used a factor-based deprivation index from the 2000 decennial US census. [5, 23] The deprivation index consisted of 22 socioeconomic indicators, which are viewed as broadly representing educational opportunities, labor force skills, economic, and housing conditions in a given county. [23] Selected indicators of education, occupation, wealth, income distribution, unemployment rate, poverty rate, and housing quality were used to construct the 2000 index. [23] Substantive and methodological details of the US deprivation index are provided elsewhere. [4, 5, 23] Effects of both continuous and categorical measures of the deprivation index and smoking, obesity, and diabetes prevalence rates were estimated in the regression models. Cardiovascular deaths in each county were used as weights in the weighted regression models because the number of deaths is proportional to the inverse of the variance of mortality rates. [24] 
National Longitudinal Mortality Study (NLMS)
To examine regional and state-level variations in CVD mortality, we also used the 1979-2002 NLMS, that allowed us to examine geographical differences in mortality after adjusting for individual-level socioeconomic and demographic characteristics. The NLMS is a longitudinal dataset for examining socioeconomic, occupational, and demographic factors associated with all-cause and cause-specific mortality in the United States. [25] [26] [27] [28] The NLMS is conducted by the National Heart, Lung, and Blood Institute (National Institutes of Health [NIH] ) in collaboration with the US Census Bureau, the National Cancer Institute (NIH), the National Institute on Aging (NIH), and the National Center for Health Statistics (Centers for Disease Control and Prevention). [25] [26] [27] [28] The NLMS consists of 30 Current Population Survey (CPS) and census cohorts between 1973 and 2002 whose survival (mortality) experiences were studied between 1979 and 2002. [25] The CPS is a sample household and telephone interview survey of the civilian noninstitutionalized population in the United States and is conducted by the US Census Bureau to produce monthly national statistics on unemployment and the labor force. Data from death certificates on the fact of death and the cause of death are combined with the socioeconomic and demographic characteristics of the NLMS cohorts by means of the National Death Index. [25] [26] [27] [28] Detailed descriptions of the NLMS have been provided elsewhere. [25] [26] [27] The full NLMS consists of approximately 3 million individuals drawn from 30 CPS and census cohorts whose mortality experience has been followed from 1979 through 2002, with the total number of deaths during the 23-year follow-up being 341,343. [25] However, our study uses the public-use microdata sample that contains only selected population cohorts between 1979 and 1991, with a maximum mortality follow-up of 11 years. [25] State-and region-level differentials in mortality risks were adjusted by multivariate Cox proportional hazards regression for age and for additional covariates such as sex, race/ethnicity, marital status, metropolitan/ non-metropolitan residence, education, income/ poverty level, and occupation. [28] The public-use NLMS sample for 1979-2002 included 780,461 individuals aged ≥25 at the baseline and 50,430 CVD deaths during the 11-year mortality follow-up. [25] In estimating the mortality risk, all those surviving beyond the 11-year follow-up (i.e., 4,018 days of follow-up) and those dying from causes other than CVD during the follow-up period were treated as right-censored observations. The Cox models were estimated by the SAS PHREG procedure.
[29] Figure 1 shows annual trends in CVD mortality among 9 census regions. mortality risks than their non-Hispanic counterparts of equivalent socioeconomic backgrounds.
Results
Regional Trends and Differentials in CVD Mortality
Trends and Differentials in State-Level Disparities in CVD Mortality
In 2011, Southeastern states such as Mississippi and Alabama had the highest CVD mortality rates, nearly two times higher than the rates for Minnesota and Hawaii (Table 2) . State patterns were similar in 1969 and 1990, with substantially increased risks of CVD mortality for most Southern states. In 1990, Mississippi and Louisiana had the highest mortality rates, 51%, and 42% higher than the rate for Hawaii. In 1969, South Carolina had the highest mortality rate, 52% higher than the rate for Alaska (Table 2 ). Controlling for individual-level sociodemographic characteristics in the NLMS reduced state differentials; however, individuals in Indiana, Michigan, Louisiana, and Kentucky maintained 30-35% higher CVD mortality risks than their counterparts in New Mexico (Table 3) .
Absolute disparities in state-level CVD mortality, as measured by interquartile range and absolute mean deviation, decreased over time. However, relative disparities in state-level CVD mortality rates, as measured by CV, relative mean deviation index, and quintile and percentile ratios, widened over time. The coefficient of variation in state-level CVD mortality increased by 48% from 10.0 in 1969 to 14.8 in 2011. The relative mean deviation index indicated a 43% increase in state-level disparity in CVD mortality between 1969 and 2011 (Table 4) .
Trends and Differentials in County-Level Disparities in CVD Mortality
County-level variations in area deprivation and CVD mortality rates were closely related, with the weighted correlation being -0.53 ( Figure 2 and Table 5 ). Consistent with high deprivation levels in the Southeast, individuals in this region had the highest CVD mortality rates (Figure 2 ). Area deprivation, smoking, obesity, physical inactivity, diabetes prevalence, urbanization, racial/ethnic composition, lack of health insurance, and lower access to primary medical care were all significant predictors of county-level CVD mortality rates (Table 5 ).
In the multivariate models, these covariates (excluding health insurance and physician availability because of multicollinearity) accounted for 52.7% of the county variance. A 10-percentagepoint increase in obesity prevalence was associated with a 32.2-point increase in the CVD mortality rate. Similarly, a 10-percentage-point increase in diabetes prevalence was associated with a 57.7-point increase in the CVD mortality rate. In multivariate categorical models, consistent gradients in CVD mortality were found by area deprivation and smoking, obesity and diabetes prevalence. Even after adjusting for behavioral risk factors, those in the most deprived counties had 15% higher CVD mortality than those in the most affluent counties. CVD mortality rates were 18% higher in areas with smoking rates ≥36%, compared with areas with smoking rates <12%. Notes: Estimated relative risks (hazard ratios) were derived from multivariate Cox proportional hazards regression models. 1 Adjusted for age only. 2 Adjusted for age, sex, race/ ethnicity, marital status, metro/non-metro residence, educational attainment, occupation, and income/poverty level Counties with obesity rates ≥40% had 54% higher CVD mortality than counties with an obesity rate <15%. Counties with a diabetes prevalence ≥14% had 19% higher CVD mortality than counties with a diabetes prevalence <6% (Table 5) .
County-level differentials in CVD mortality rates, as measured by relative disparity indices, widened over time; the relative mean deviation index and coefficient of variation indicated, respectively, a 52% and 61% increase in county-level disparity in CVD mortality rates between 1969 and 2007. Absolute county-level disparities in CVD mortality, however, declined over time (Table 4) . areas in the South experienced slower mortality declines than those in the Northeast and Western regions of the country. Geographical disparities are very marked, with several Southern states having nearly twice the risk of CVD mortality than states in the Northeastern and Western United States. Existence of such marked and growing geographical disparities in CVD mortality appears contrary to the goals of the national health initiative that calls for further reductions in cardiovascular disease inequalities in the United States by 2020. [1] Our results are consistent with the previous studies that have shown historically higher rates of CVD mortality in the Southern region of the United States. [7, [12] [13] [14] [15] Because of the persistence of this geographical pattern, the "South" is often referred to as the "stroke or heart disease belt" of the United States. [14, 15] Since behavioral risk factors such as smoking, unhealthy diet, physical inactivity, and obesity are known to account for about 80% of CVD deaths, geographical disparities in CVD mortality may be understood in terms of geographical distribution of these risk factors. [30] Our analysis confirms the significance of geographical distribution of smoking, obesity, physical inactivity, and diabetes prevalence in explaining county-level disparities in CVD mortality rates. Obesity and diabetes prevalence alone account for nearly 40% of the variance in CVD mortality, and geographical differences in smoking explain about 28% of the variance. Smoking, obesity, and physical inactivity rates are highest in the South, and increases in obesity rates have been more marked in the Southern states. [7, 31, 32] Moreover, smoking rates have declined more slowly in the South than elsewhere in the United States. [7, 31, 32] Patterns and increasing geographical disparities in CVD mortality shown here are consistent with those observed previously for the United States and Europe. [5, 13, [33] [34] [35] A recent study showed widening rural-urban disparities in CVD mortality rates in the United States, with those in rural areas experiencing 16% and 26% higher mortality in 1990 and 2009 respectively than their urban counterparts. [33] Disparities in CVD mortality between most deprived non-metropolitan areas and most affluent metropolitan areas of the United States also increased markedly between 1990 and 2009 in both absolute and relative terms. [33] Coronary heart disease mortality rates have been found to be higher in inner-city areas and in local authority areas in the north of England than those in the south. [34] Another study showed a substantial, widening gap in coronary heart disease mortality between the "worst health" and "best health" areas of Britain over a 10-year period. [35] 
Discussion
Conclusions and Global Health Implications
With the prevalence of many chronic disease risk factors rising in the developing world due to urbanization, development, and globalization, the global burden of cardiovascular diseases is expected to increase further, especially in low-and middleincome countries which account for more than 80% of CVD deaths globally. [30, [36] [37] [38] Cardiovascular disease is the leading cause of death not only in the industrialized world, but also in low-and middleincome countries. [30, [36] [37] [38] Globally, a major shift has been occurring in the distribution of disease burden as a number of low-and middle-income countries are experiencing an increasing proportion of deaths and years of life lost due to non-communicable diseases such as heart disease, stroke, and COPD. [30, [36] [37] [38] Most of the CVD deaths are preventable through policy measures that are aimed at reducing behavioral risk factors such as smoking, physical inactivity, unhealthy diet, and heavy drinking that account for about 80% of cardiovascular diseases globally. [30, 36] Cardiovascular disease burden varies greatly across the world regions, with India and China accounting for >30% of all global CVD deaths. [30, [36] [37] [38] Similar analyses of geographical disparities in cardiovascular disease prevalence and mortality rates in developing countries can highlight ruralurban, province-, or district-level disparities, thus indicating the need for targeted action and population-wide interventions to reduce cardiovascular disease incidence and associated behavioral risks. The following countries have the highest disease burden (in terms of number of heart disease deaths): US and Germany among high-income countries; China and Indonesia in the East Asia and Pacific region; Russia and Ukraine in Europe and Central Asia; Brazil and Mexico in Latin America and the Caribbean; India and Pakistan in South Asia; and Nigeria and Ethiopia in Sub-Saharan Africa. [30, [36] [37] [38] Because of macro-societal forces, such as globalization and urbanization, people in developing countries are increasingly being exposed to such CVD risk factors as smoking, drinking, physical inactivity, and unhealthy diet. At the same time, they do not have similar access to public health education and prevention programs and access to primary care as their counterparts in the industrialized world. [30, 36] Geographical inequalities in the United States remain quite marked despite the impressive overall decline in CVD mortality over the past several decades. The growing geographical disparities in CVD mortality are a major public health concern. Because cardiovascular diseases are the leading cause of death and account for nearly one-third of all US deaths, the widening inequalities in CVD mortality contribute greatly to overall health and mortality inequalities in the United States. [1, 7, 8] These disparities in mortality may indicate significant geographical inequities in CVD prevention and control efforts. Population-wide interventions such as comprehensive tobacco control policies, smoking cessation programs, increased access to primary medical care, physical activity campaigns, and anti-obesity programs can be implemented to reduce CVD risks in the entire population while targeting those in the more disadvantaged areas of the country such as the South. [30] A broad course of policy action related to the wider social determinants can be a particularly effective strategy in reducing CVD inequalities. [5, 30, 34, 35] Health and Notes: b=Unstandardized regression coefficient; β=Standardized regression coefficient; R 2 =Percentage variance explained. β is also equal to the correlation coefficient in bivariate regression models. Health uninsurance and primary care physician availability rates were not used as covariates in the multivariate model because of estimation problems due to multicollinearity. 1 The 2000 census socioeconomic deprivation index is a continuous variable with a mean of 100 and a standard deviation of 20. Higher index scores denote higher levels of socioeconomic position and lower levels of deprivation. 2 Current smoking prevalence among adults aged 18+in 2000-2003. 3 Obesity or diabetes prevalence among adults aged 18+in 2006-2008. 4 Percentage of physically active adults aged 18+in 2007, where phyically active=at least 150 minutes of moderate physical activity per week, or 75 minutes of vigorous activity per week, or an equivalent comination of moderate and vigorous physical activity. 5 The 2003 rural-urban continuum is used a continuous variable, with code 1 being the most urbanized county and code 9 being the most rural county. 6 Percentage of black, American Indian/Alaska Native, Asian/ Pacific Islander, and Hispanic populations in 2000. 7 Percentage of population without health insurance in 2000. 8 Number of primary care doctors per 100,000 population in 2005. 9 Adjusted for socioeconomic deprivation, smoking, obesity, and PA prevalence, rural-urban continuum, and minority concentration. Source: Based on the US National Vital Statistcs System, Behavioral Risk Factor Surveillance System, US Census, and Area Resource File social policy interventions such as improved access to health services, and reductions in inequalities in education, poverty, unemployment, occupation, housing, and access to health-promoting physical or built environments are essential for tackling long-term inequalities in CVD mortality between geographical areas in the United States. [5, 24, 30, 34, 35] 
